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Summa r  y  
An a i r  sampling system t h a t  au toma t i ca l l y  measures 
the temporal and s p a t i a l  d i s t r i b u t i o n  o f  p a r t i c u l a t e  
and gaseous cons t i t uen t s  o f  the atmosphere i s  c o l l e c t - .  
ing  data on commercial a i r  routes cover ing the  wor ld .  
I Measurements a re  made i n the  upper troposphere and 
lower s t ra tosphere  (6 t o  12 km) of  cons t i t uen t s  r e l a t e d  
t o  a i r c r a f t  engine emissions and o the r  p o l l u t a n t s .  
A i r c r a f t  operated by d i f f e r e n t  a i r l i n e s  sample a i r  a t  
c l a t i t u d e s  f rom the A r c t i c  t o  A u s t r a l i a .  This unique 
system includes spec ia l i zed  ins t rumenta t ion ,  a  spec ia l  
a i r  i n l e t  probe f o r  sampling ou t s i de  a i r ,  a  computer- 
i zed  automat ic c o n t r o l ,  and a data a c q u i s i t i o n  system. 
A i r  cons t i t uen t  and r e l a t e d  f l  i g h t  data a re  tape 
recorded i n  f l i g h t  f o r  l a t e r  computer processing on the 
ground. 
l n t  roduc t ion  
This paper descr ibes an automated, unattended a i r  
sampling system which measures and records t he  l eve l s  
and d i s t r i b u t i o n  o f  se lec ted  atmospheric cons t i t uen t s  
i n  the upper atmosphere. Th is  system i s  i n s t a l  l ed  and 
operated on commercial 747 a i  r l  iners  du r i ng  normal 
passenger serv ice  along es tab l i shed a i r l i n e  routes.  
The e f f e c t  o f  man on the g loba l  environment was 
examined i n  two i n t ens i ve  s tud ies  conducted i n  1970 and 
1971 : "MIT Study o f  i r i  t i c a l  Envi ronmental Problems 
(SCEP)" '  and "MIT Study o f  Man's Impact on C l  imate 
(SMI c)'12. Both s tud ies  r a i sed  ser ious  quest ions regard- 
i ng  the eventual  e f f e c t  o f  h i gh  a l t i t u d e  a i r c r a f t  
opera t ions  on the environment. The C l ima t i c  Impact 
on a  Un i ted  A i r 1  ines 747 and a  Pan Am 747.  A Qantas 
Airways 747 w i l )  be equipped i n  November, and a f o u r t h  
GASP equipped 747 w i l l  be opera t ing  i n  e a r l y  1976. The 
present  GASP rou te  s t r u c t u r e  i s  shown i n  f i g u r e  2 .  The 
Uni ted a i r l i n e r  i s  c o l l e c t i n g  data over the  cont inuous 
Un i ted  States and t o  Hawai i . Global coverage i s  
provided by the Pan Am 747.  World routes inc lude 
around-the-world eastbound and westbound, t o  South 
America from New York and Los Angeles, t o  A u s t r a l i a  
from the  Un i ted  States,  and no r t he rn  l a t i t u d e s  on non- 
stop f l i g h t s  from the west coast  of the Un i ted  States 
t o  Tokyo and t o  Europe. P a r t i c i p a t i o n  by Qantas Airway5 
o f  Austra l  i a  w i  I 1  p rov ide  g loba l  data over routes whicli 
inc lude the less  po l  l u t e d  Southern Hemisphere. The 
program i s  s t r uc tu red  t o  o b t a i n  g loba l  a i r  q u a l i t y  data 
dur ing  r o u t i n e  a i r l i n e  opera t ions  and t o  document and 
analyze these data f o r  a  pe r i od  o f  5 t o  10 years.  
The government supp l ied  the instruments and a i r  
sample p ressu r i za t i on  system. Un i ted  A i r l i n e s ,  as 
prime cont rac to r ,  designed and supp l ied  a l l  o t he r  
components o f  the system. I n t eg ra t i on  o f  the complete 
system and i t s  i n s t a l l a t i o n  on the 747 a i r c r a f t  were 
a l s o  done by Un i ted  A i r l i n e s ,  
This r epo r t  descr ibes ( 1 )  the o v e r a l l  unique 
onboard system which c o l l e c t s  atmospheric cons t i t uen t  
data au toma t i ca l l y  and unattended on commercial 747 
a i r l i n e r s ;  (2 )  the  environmental measuring instruments 
w i t h  mod i f i ca t i ons  necessary f o r  a i r l i n e  a p p l i c a t i o n  
along w i t h  the a i  r sampl ing  system; ( 3 )  de ta i  1s o f  the 
onboard computer f o r  automat ic con t ro l  and data 
management; and ( 4 )  maintenance procedures t h a t  have 
been es tab l i shed  t o  catch ope ra t i ng  problems e a r l y  and 
ob ta i n  maximum equipment u t i l i z a t i o n .  
Assessment program3 es tab l  i shed by Congress i n  the  
Department o f  T ranspor ta t ion  i n  1971 s tud ied  the  Design Const ra in ts  and Atmospheric Cons t i tuen ts  
p o t e n t i a l  c l i m a t i c  impact r e s u l t i n g  from pe r t u rba t i on  
o f  t heuppe ra tmosphe reby  t h e p r o p u l s i o n e f f l u e n t s o f  
worldwide h i g h - a l t i t u d e  a i r c r a f t  f l e e t  beyond 1980. 
A l l  t h ree  o f  these s tud ies  emphasized the urgent  need 
f o r  d e t a i l e d  measurements o f  na tu ra l  composi t ion o f  the  
upper troposphere and t he  lower s t ra tosphere .  Also 
recommended were cont inuous atmospheric mon i to r ing  and 
research programs t o  ob ta i  n  addi t iona 1 knowledge o f  t he  
upper atmosphere and t o  de tec t  changes i n  atmospheric 
q u a l i t y .  Since t h e  atmosphere has no h o r i z o n t a l  
boundaries, these programs must be conducted on a  
g loba l  scale. 
I n  1972 the  NASA-Lewis Research Center began a 
program which became known as t he  Global A tmspher  i c  
Sampling Program (GASP). The o b j e c t i v e  was t o  examine 
the  atmosphere between 6 and 12 km us ing  commercial 
a i r 1  i ne r s  as instrument p la t fo rms.  Th is  program was 
descr ibed a t  the Second J o i n t  Conference on Sensing o f  
Environmental Po l l u t an t s  (Dec. 1 9 7 3 1 . ~  The concept o f  
us ing  a i r l i n e r s  t o  ob ta i n  atmospheric data has 
progressed from design and acqui s i t  i on o f  hardware t o  
c o l l e c t i n g  g loba l  data on a  d a i l y  bas is .  
A 4-month f e a s i b i l i t y  study by th ree  a i r l i n e s  
(American, Trans World, and Un i ted)  and the  Boeing 
Company was conducted i n  1972 t o  determine t h e  techn ica l  
f e a s i b i l i t y  o f  opera t ing  an atmospheric sampling system 
on c o m e r c i a l  a i r  t r anspo r t s .  This study produced the  
bas ic  system concept and imposed c e r t a i n  c o n s t r a i n t s  on 
the design and opera t ion  o f  t he  system. The cons t ra i n t s  
were as f o l l ows :  
- No revenue space would be taken from e i t h e r  the  
passengkr compartment o r  t he  cargo hold.  Windows 
would no t  be blocked. 
- The system would no t  i n t e r f e r e  w i t h  normal scheduled 
ope ra t i on  o f  the  a i  r c r a f t .  
- No cockp i t  crew du t i es  would be imposed beyond 
mon i to r ing  o f  a f a u l t  l i g h t  and ope ra t i on  o f  an ON/ 
OFF sw i t ch  i f  the f a u l t  l i g h t  appeared. The cockp.it 
crew would a t  a l l  t imes have c o n t r o l  over  system 
power . 
A i r l i n e s  p resen t l y  p a r t i c i p a t i n g  i n  the programs - L im i t ed  s e r v i c i n g  and maintenance would be performed 
are shown i n  f i g u r e  1 .  GASP systems a re  now opera t ing  on a  non in te r fe rence bas is ,  most ly  ove rn i gh t .  
- A l l  u n i t s  must be packaged t o  a i  r l  i n e  standards 5 Atmospheric Cons t i tuen t  and Re la ted  Data 
and t e s t e d  t o  show a i r c r a f t  environment c o m p a t i b i l -  
6 The upper atmosphere c o n s t i t u e n t s  t h a t  a r e  i t y .  
measured ( o r  wi l l be measured i n  t h e  near  f u t u r e )  and 
- The a i r c r a f t  would n o t  be removed from s e r v i c e  r e l a t e d  i n f o r m a t i o n  needed f o r  da ta  a n a l y s i s  a r e  shown 
e x c l u s i v e l y  f o r  system i n s t a l l a t i o n  f o r  any leng thy  i n  t a b l e  I .  The c o n s t i t u e n t s  a r e  d i v i d e d  i n t o  two 
period of  t ime.  K i t s  could be instal led in imi ted major  groups - p a r t i c u l a t e s  and gases. I n  the  
t ime increments d u r i n g  o u t - o f - s e r v i c e  p e r i o d s  p a r t i c u l a t e  group,  t h e  number d e n s i t y  and t h e  s i z e  
scheduled f o r  o t h e r  purposes. d i s t r i b u t i o n  a r e  measured by a ded ica ted  ins t rument  on 
a cont inuous b a s i s .  Mass c o n c e n t r a t i o n  and chemical 
A f te r  considering the economics and space avai l-  composi t ion a re  o b t a i n e d  by p e r i o d i c a l l y  c o l l e c t i n g  a 
able on other a i rp lanes,  the Boeing 747 airplane was f i l t e r  sample. Laboratory a n a l y s i s  techniques a r e  then  
selected as the carrier a i rc ra f t .  I t  has suf f ic ient  used t o  determine t h e  presence o f  s u l f a t e s ,  n i t r a t e s ,  
volume i n  nonrevenue compartments t o  c o n t a i n  t h e  system. and On the f i l ter '  The gases are determined 
The 747 was chosen a l s o  because o f  i t s  long-range f rom i n - s i t u  measurements u s i n g  ded ica ted  ins t ruments  
capabi ty ,  worldwide usage, and being equipped w i t h  o p e r a t i n g  con t inuous ly ;  t h e  ch lo ro f luo romethanes ,  
i ne r t i a l  navigation systems. Thus, the f inal design of  however, a r e  ob ta ined  by a l a b o r a t o r y  a n a l y s i s  o f  whole 
t h e  system as a r e s u l t  o f  t h e  f e a s i b i l i t y  s tudy  was a i r  samples p e r i o d i c a l l y  c o l l e c t e d  i n  c y l i n d r i c a l  
d ic ta ted f i r s t  by the in i t i a l  air l ine constraints and c o n t a i n e r s .  Th is  l i s t  o f  measurements c o n t a i n s  most o f  
second by t e c h n i c a l  and economic c o n s i d e r a t i o n s .  the c o n s t i t u e n t s  t h a t  a r e  known t o  be impor tan t  f o r  
E l iminated from consideration were window-mounted probes de te rmin ing  the  p o t e n t i a l  impact o f  a i r c r a f t  emiss ions 
and inst ruments i n  p a l l e t s ,  o r  cargo c o n t a i n e r s  b o l t e d  On the upper O t h e r s ,  such as  the 
down to standard f i t t i ngs ,  either above or below the ch lo ro f luo romethanes ,  which a r e  p o l l u t a n t s  i n j e c t e d  a t  
main deck. ~h~ alternatives were special in lets pene- ground l e v e l .  D e s c r i p t i o n s  of  t h e  a i r  c o n s t i t u e n t  
t ra t ing the skin and special mounts for a l l  equipment. measuring ins t ruments  a r e  g i v e n  i n  a l a t e r  s e c t i o n  o f  t h i s  paper. These r e q u i r e d  more a i r f r a m e  m o d i f i c a t i o n s ,  more 
eng ineer ing ,  and added s t r u c t u r e s .  An automated system 
which can produce r e l i a b l e  da ta  over  a reasonable t ime  I n  a d d i t i o n  t o  t h e  a i r  sample measurements, da ta  
a r e  taken which i n c l u d e  geographical  i n f o r m a t i o n ,  p e r i o d  w i t h  no human a t t e n t  i o n  i s more c o s t l y  than a 
meteorological condit ions, and a i r c r a f t  operational system which i s  con t inuous ly  mon i to red  and serv iced .  
However, t h e  crew n o n i n t e r f e r e n c e  requi rement  neces- i n f o r m a t i o n  necessary t o  p i n p o i n t  p r e c i s e l y  t h e  
s i ta ted the design of an automated, processor controlled l o c a t i o n  and descr ibe  t h e  c o n d i t i o n s  when a da ta  p o i n t  i s  recorded.  
system. 
The l e v e l s  o f  t h e  minor  c o n s t i t u e n t s  measured by D e s c r i p t i o n  o f  A i r b o r n e  System 
t h e  GASP system a r e  ex t reme ly  low, g e n e r a l l y  i n  t h e  
low p a r t s  p e r  m i l l i o n  t o  p a r t s  p e r  b i l l i o n  range. The t o t a l  GASP system t h a t  evolved f rom t h e  
These are diff icult measurements, part icularly for a i r -  f e a s i b i  1 i t y  s tudy  i s  shown s c h e m a t i c a l l y  i n  f i g u r e  4 .  
borne instruments, and require a high degree of  clean- The system i s  i n s t a l  l e d  i n  t h e  747 a i r p l a n e  below the  
l i n e s s  throughout  t h e  system. Since a i r c r a f t  a r e  f l o o r  o f  t h e  f i r s t  c l a s s  passenger s e c t i o n  near  t h e  
subjected to relatively high levels of a t  nose, ex tend ing  from a i r c r a f t  s t a t i o n s  160 t o  400. The 
low alt i tudes and on the ground, a sealed system, opened e n t i r e  system i s  forward o f  t h e  e x i s t i n g  a v i o n i c s  rack .  
o n l y  t o  take  data,  was cons idered  mandatory. The i n l e t  The system can bes t  be descr ibed  by d i v i d i n g  i t  i n t o  
and method o f  c l o s u r e  have t o  be b o t h  f u n c t i o n a l  and four  f u n c t i o n a l  c a t e g o r i e s :  ( 1 )  t h e  i n l e t  f o r  sample 
esthetical ly acceptable to the air l ines. Not sealing c o l l e c t i o n ,  i n c l u d i n g  d u c t i n g  and sample p r e s s u r i z a t i o n  
t h e  i n l e t  and depending on p u r g i n g  t o  c lean  o u t  t h e  and c o n t r o l  ; (2 )  i ns t ruments  f o r  de te rmin ing  t h e  
was considered a speculat ive approach and c o n c e n t r a t i o n  o f  s e l e c t e d  c o n s t i t u e n t s  i n  t h e  a i r  
n o t  used. sample; (3)  da ta  a c q u i s i t i o n ,  management, and record ing ;  
and ( 4 )  a preprogrammed au tomat i c  c o n t r o l  f o r  t h e  
There a r e  a number o f  p o t e n t i a l  sources o f  e n t i r e  system. 
con tamina t ion .  On t h e  ground t h e r e  i s  exposure t o  
engine exhaust fumes f rom o t h e r  a i r c r a f t .  The a i r p l a n e  Duc t ing  f rom t h e  a i r  sample i n l e t  probe d i r e c t s  
is sometimes cleaned with solvent and a high-pressure t h e  a i r  t o  f i l t e r s  on t h e  r i g h t  s i d e  o f  t h e  a i r c r a f t  
water hose. The nose wheel sprays the fuselage wi th  f o r  c o l l e c t i n g  p a r t i c l e s ,  and i t  a l s o  d i r e c t s  t h e  a i r  t o  
rubber particles, dirt, and water. There may be blow- t h e  system on t h e  l e f t  s i d e  which p r e s s u r i z e s  t h e  a i r  
ing dust, and in metropol i tan areas there i s  a concen- sample and measures t h e  a i r  c o n s t i t u e n t s  (see f i g .  4 ) .  
tration of smog constituents which may pers is t  during A i r  from t h e  f i l t e r  u n i t  i s  vented overboard on t h e  
c l i m b  and descent. I n  f l i g h t ,  t h e  boundary l a y e r  r i g h t  s i d e .  Another ven t  on t h e  l e f t  s i d e  d ischarges  
c o n t a i n s  e r o s i o n  p a r t i c l e s  f rom t h e  radome, s k i n ,  and the a i r  from the instruments' 
p a i n t e d  sur faces ,  and t h e r e  may be leakage o f  c a b i n  
a i r ,  h y d r a u l i c  f l u i d ,  l u b r i c a n t s ,  and w i n d s h i e l d  Most o f  t h e  measuring and da ta  a c q u i s i t i o n  and 
c l e a n i n g  f l u i d .  These con tamina t ion  sources were c o n t r o l  equipment i s  l o c a t e d  on t h e  l e f t  s i d e  o f  t h e  
considered when locating and designing the inlet for a fuselage,  o p p o s i t e  t h e  n o s t  wheel we1 1 .  The equipment 
c l e a n  system. i s  i n s t a l  l e d  i n  racks a t tached  t o  t h e  a i r c r a f t  s t ruc tu re .  The c l o s e  p r o x i m i t y  o f  t h e  GASP e a u i ~ m e n t  t o  t h e  e x i s t -  
, . 
Af ter  considering these factors and others related i n g  a i r c r a f t  a v i o n i c s  rack  a l l o w s  f o r  s h o r t  w i r i n g  runs 
to the aerodynamics af fect ing a i rcraf t  systems and the and f o r  ease o f  i n s t a l l a t i o n  and i n t e g r a t i o n  w i t h  t h e  
damage p o t e n t i a l  w h i l e  on t h e  ground, an a i r  i n l e t  i n e r t i a l  n a v i g a t i o n  system and t h e  a i r  da ta  system, 
probe was mounted at the bottom of the fuselage near b o t h  o f  which a r e  necessary t o  p r o v i d e  a i r c r a f t  r e l a t e d  
the nose of the airplane at s t a t  ion ,bO (fig. 3 ) .  This s u ~ p l e m e n t a l  data.  The l o c a t i o n  chosen i s  e a s i  IY 
is a clean area with a thin boundary layer. Automatic a c c e s s i b l e  f o r  i n s p e c t i o n ,  tape removal, and s e r v i c e .  
c o n t r o l  devices open t h e  i n l e t  probe a t  a 6-km a l t i t u d e  
on  ascent  and c l o s e  i t  a t  t h e  same a l t i t u d e  on descent .  
A i r  I n l e t  and Sample P r e s s u r i z a t i o n  
The a i r  sample f o r  the  GASP measurements r e q u i r e d  
two separate i n l e t s  o u t s i d e  o f  t h e  a i r c r a f t  i n  o r d e r  
to  measure b o t h  gases and p a r t i c l e s .  A  separate i n l e t  
i s  needed t o  measure t h e  s i z e  d i s t r i b u t i o n  o f  p a r t i c l e s .  
l s o k i n e t i c  sampl ing (probe i n l e t  v e l o c i t y  equal t o  f r e e  
stream v e l o c i t y )  i s  r e q u i r e d  t o  o b t a i n  an u n d i s t o r t e d  
measure o f  p a r t i c l e  s i z e  d i s t r i b u t i o n .  A  s i n g l e  a i r  
i n l e t  would no t  p r o v i d e  i s o k i n e t i c  sampling because 
the  f l o w  r a t e  t o  the  inst rument  package and f i l t e r  
c o l l e c t o r  v a r i e s  under o p e r a t i n g  c o n d i t i o n s .  Also,  
f l e x i b i l i t y  was d e s i r e d  i n  the  system t o  add i n s t r u -  
ments which would a l s o  va ry  the  f l o w  requi rements.  
Genera l l y ,  unpressur i zed  a i r  i s  d e s i r a b l e  t o  avo id  
i n t e r f e r e n c e  w i t h  t h e  c o n s t i t u e n t  t o  be measured. 
However, a p ressur i zed  a i r  sample i s  d e s i r a b l e  f o r  some 
measurements i n  o rder  t o  achieve the  necessary 
inst rument  s e n s i t i v i t y .  
A i r  i n l e t  probe. The two a i r  sample i n l e t s  a r e  
mounted one above the  o t h e r  i n  a  s i n g l e  s t r u t ,  u s i n g  a  
s i n g l e  probe cap u n i t  w i t h  i t s  assoc ia ted  a c t u a t o r .  
The probe cap i s  a n t i - i c e d  when extended. A ske tch  o f  
t h i s  dual probe i s  shown i n  f i g u r e  5 .  The probe i s  
shown i n  the  capped c o n d i t i o n .  I n  f l i g h t ,  above 
sampling a l t i t u d e ,  when the  i n l e t s  a r e  opened, the  
probe cap i s  r o t a t e d  i n t o  t h e  probe cap housing by an 
a i r c r a f t - t y p e  a c t u a t o r  and becomes f l u s h  w i t h  t h e  
a i r c r a f t  s k i n .  The housing i s  a  p r e s s u r e - t i g h t  box 
mounted i n s i d e  t h e  a i r c r a f t .  The des ign  d rag  a t  M = 
0.92 and a t  a  7.5-km a l t i t u d e  i s  7 kg. 
A i r  e n t e r s  the  gas sample probe through a  25-mm- 
d iameter  i n l e t .  Th is  probe a l s o  s u p p l i e s  a i r  t o  the  
p a r t i c l e  f i l t e r ,  which does n o t  r e q u i r e  i s o k i n e t i c  
sampling. I t  i s ,  however, impor tan t  t o  reduce t h e  a i r  
v e l o c i t y  t o  t h e  f i l t e r  t o  a v o i d  l o s s  o f  p a r t i c l e s  by 
impac t ion  on t h e  w a l l s  a t  bends i n  the  d u c t i n g  and t o  
min imize p ressure  losses.  Ai r i n  the  25-mm-diameter 
tube i s  t h e r e f o r e  expanded through a  d i f f u s e r  i n t o  a  
76-mm-diameter duct  t o  reduce t h e  v e l o c i t y .  A i r  t o  the  
gas sampl ing ins t ruments  i s  tapped f rom the  expanded 
duct  a t  t h e  d i f f u s e r  e x i t  w i t h  a  12-mm-diameter probe. 
A i r  e n t e r s  t h e  outermost  p a r t i c l e  coun te r  probe 
through a  6.9-mm-diameter i n l e t .  This  probe i s  100-mrn 
(about t h r e e  t imes t h e  boundary l a y e r  th i ckness)  f rom 
t h e  a i r c r a f t  s k i n .  l s o k i n e t i c  sampl ing f o r  t h e  
p a r t i c l e  coun te r  probe r e q u i r e d  a  more s o p h i s t i c a t e d  
design than f o r  t h e  n o n i s o k i n e t i c  gas sampling. The 
f l o w  r a t e  r e q u i r e d  by t h e  p a r t i c l e  coun te r  o f  about  
30 l i t e r s / m i n .  r e s u l t s  i n  an ex t reme ly  sma l l  s i z e  i n l e t  
i f  i n l e t  v e l o c i t y  were t o  equal the  f ree -s t ream 
v e l o c i t y  o f  about  0.8 Mach. An i n l e t  hav ing  about a  
6.9-mm diameter  was considered as smal l  as p r a c t i c a b l e  
f o r  p a r t i c l e  sampl ing.  These c o n s t r a i n t s  r e s u l t e d  i n  
t h e  f o l  l ow ing  desi  gn approach. 
The sample a i r  e n t e r i n g  t h e  6.9-mm probe i s  
expanded through a d i f f u s e r  i n t o  a  l a r g e r  d iameter  
tube t o  reduce v e l o c i t y .  A secondary probe o f  about 
t h e  same s i z e  l o c a t e d  i n  t h e  low v e l o c i t y  r e g i o n  o f  
the  l a r g e r  tube p rov ides  t h e  p'roper a i r f l o w  t o  t h e  
p a r t i c l e  coun te r .  The excess a i r  caught by t h e  p r imary  
i n l e t  i s  exhausted a t  the  r e a r  o f  the  expanded tube 
through a  p r o p e r l y  s i z e d  o r i f i c e ,  which r e q u i r e d  
knowledge o f  t h e  p ressure  a t  t h i s  l o c a t i o n  on t h e  a i r -  
c r a f t .  A  s p e c i a l  s t a t i c  p ressure  t a p  was i n s t a l l e d ,  
and da ta  were taken  i n  t h e  i n i t i a l  747 f l i g h t .  T h i s  
i n f o r m a t i o n  and the  wind tunne l  t e s t  r e s u l t s  were used 
t o  s i z e  t h e  exhaust o r i f i c e  t o  g i v e  i s o k i n e t i c  sampl ing 
a t  nominal c r u i s e  c o n d i t i o n s  o f  10.7 km a l t i t u d e  and 
f ree-st ream Mach number o f  M = 0.82. 
A i r  sample p r e s s u r i z a t i o n .  A i r  t o  the gas sampl ing 
ins t ruments  t h a t  r e q u i r e  sample p r e s s u r i z a t i o n  i s  
p r e s s u r i z e d  w i t h  a  diaphragm pump. A f l o w  r a t e  o f  1 4  
l i t e r s / m i n .  i s  ma in ta ined  by t h e  pump a t  1 0.007 atm. 
Th is  p ressure  i s  h e l d  cons tan t  f rom 6 t o  12 km by the  
p ressure  r e g u l a t i o n  system descr ibed  i n  re fe rence  7 .  
A s i m p l i f i e d  f l o w  diagram i s  shown i n  f i g u r e  6 .  
B a s i c a l l y ,  a  backpressure r e g u l a t o r  c o n t r o l s  the  
p ressure  o u t  o f  the  pump t o  the  ins t ruments  by bypass- 
i n g  excess a i r  th rough  i t .  An a b s o l u t e  p ressure  
r e g u l a t o r ,  which c o n t a i n s  a  sealed be l lows  re fe rence  
c e l l ,  s u p p l i e s  a  cons tan t  re fe rence  p ressure  t o  the  
dome o f  the  backpressure r e g u l a t o r .  This  system wa3 
chosen t o  a v o i d  p o s s i b l e  con tamina t ion  by pass ing  
sample a i r  t o  the  ins t ruments  through a  r e g u l a t o r .  
Components o f  the  p ressure  r e g u l a t i o n  system a r e  
con ta ined  i n  a  f l o w  c o n t r o l  u n i t .  
The pump i s  mounted i n  a separate u n i t  which a l s o  
c o n t a i n s  r e l a y s  and thermos ta ts  used f o r  c o n t r o l  and 
s a f e t y .  Pressure sw i tches  p r o t e c t  the  system f rom 
overp ressure  and underpressure.  A p ressure  re1 i e f  
v a l v e  i s  used as a  s a f e t y  backup t o  the  overp ressure  
sw i tch .  
Eaui Dment Rack 
The main GASP u n i t s  a r e  mounted on a rack  on the  
l e f t  s i d e  o f  the  a i r c r a f t  as shown i n  f i g u r e  4 .  Four 
shelves p r o v i d e  about 5 m o f  l i n e a r  s h e l f  space. A t  
t h e  p resen t  t ime,  e leven  u n i t s  a r e  con ta ined  i n  the  
rack  and f o u r  more a r e  p lanned,  which w i l l  f i l l  the  
a v a i l a b l e  space. R e s t r i c t i o n s  a r e  p laced  on the  s i z e ,  
we igh t ,  and c e n t e r  o f  g r a v i t y  o f  the shelf-mounted 
u n i t s  t o  conform t o  t h e  s t r u c t u r a l  des ign .  The r a c k  
a l s o  suppor ts  a main d i s t r i b u t i o n  panel f o r  c i r c u i t  
b reakers ,  r e l a y s ,  and r a c k - t o - a i r c r a f t  connectors f o r  
the t o t a l  GASP system. F i g u r e  7 shows the  p resen t  
equipment mounted i n  a  g round- tes t  mockup rack .  
System Power and Weiqht 
The GASP system i s  powered by t h e  a i r c r a f t  by 
means o f  a  three-phase c o n t a c t o r  c o n t r o l l e d  by a  c i r -  
c u i t  breaker  i n  the  c o c k p i t  so t h a t  the  f l i g h t  crew can 
remove the  GASP e l e c t r i c a l  load under abnormal cond i -  
t i o n s ,  l i k e  c e r t a i n  f a i l u r e s  o f  the  a i r c r a f t  e l e c t r i c a l  
system. Whenever power i s  removed, the  system r e s e t s  
t o  t h e  sealed shutdown c o n f i g u r a t i o n .  The i n i t i a l  GASP 
system weighed 274 kg,  and the  f i n a l  we igh t  by 1976 w i t h  
a l l  equipment i n s t a l l e d  w i l l  approach 450 kg .  
System Cont ro l  
A l l  GASP system o p e r a t i o n s  a r e  c o n t r o l l e d  by the  
processor  - a  smal l  (8  K memory) s p e c i a l  purpose 
computer. The s i m p l i f i e d  b l o c k  diagram i n  f i g u r e  8 
shows the  i n t e r r e l a t i o n s h i p  between the  da ta  a c q u i s i -  
t i o n  and system c o n t r o l  subsystem and t h e  r e s t  o f  the  
GASP system and t h e  a i  r c r a f t .  A f t e r  power tu rn -on  and 
system r e s e t ,  the p rocessor ,  upon r e c e i v i n g  a  s i g n a l  
f o r  6 km a l t i t u d e ,  opens t h e  a i r  i n l e t  and t h e  ven ts ,  
s t a r t s  t h e  pumps, and s e t s  up t h e  system f o r  sampling. 
A  sampl ing c y c l e  i s  60 minutes long, c o n s i s t i n g  o f  
twe lve  5-mi n u t e  segments. A  16-second r e c o r d i n g  i s  
taken a t  t h e  end o f  each 5-minute segment. A l t e r n a t e  
segments a r e  p e r i o d s  i n  which t h e  system i s  pu t  i n t o  one 
o f  s i x  d i f f e r e n t  c a l i b r a t i o n  modes. The c a l i b r a t i o n  
modes make p o s s i b l e  a  between readings check o f  the  
ins t ruments  t o  enhance t h e  con f idence  i n  each measure- 
ment. 
A  p a r t i c l e  f i  l t e r  i s  exposed every  t h i r d  day, i f  an 
unexposed f i l t e r  i s  a v a i l a b l e  f o r  exposure. The 
exposure occurs  a t  an a l t i t u d e  above 9.6 km f o r  a  normal 
p e r i o d  o f  2 hours unless an e a r l i e r  descent below 9.6 
km i s  exper ienced.  Normal system o p e r a t i o n  i s  i n t e r -  
r u p t e d  o n l y  d u r i n g  i n s e r t i o n  and r e t r a c t i o n  of  the  
f i l t e r .  A lso,  whole a i r  sample, f o r  l a t e r  measurement 
o f  ch lo ro f luo romethane ,  i s  taken i n  l e v e l  f l i g h t  a t  
a l t i t u d e s  above 9.3 km on every t h i r d  day i f  a sample 
b o t t l e  i s  a v a i l a b l e .  Normal system o p e r a t i o n  i s  a l s o  
i n t e r r u p t e d  d u r i n g  t h e  sampling process which invo lves  
purg ing  t h e  b o t t l e  w i t h  unpressur ized a i r  f o r  5 
minutes p r i o r  t o  s e a l i n g  t h e  b o t t l e .  
Dur ing t h e  descent ,  when below 6 km, the  processor  
shuts down and r e s e t s  the  e n t i r e  system t o  be ready f o r  
t h e  n e x t  f l i g h t .  
The processor  can a l s o  recognize c e r t a i n  major  
f a i l u r e s  and mod i fy  the  system setup a c c o r d i n g l y .  I n  
case o f  major  da ta  a c q u i s i t i o n  o r  system c o n t r o l  
problems, a l i g h t  goes on i n  t h e  c o c k p i t  r e q u e s t i n g  
the  f l i g h t  engineer  t o  d e a c t i v a t e  t h e  GASP system u n t i l  
i t  i s  checked ou t .  I f  t h e  a i r  i n l e t  does n o t  open a t  
6 km, the  f l o w  system i s  n o t  a c t i v a t e d ,  b u t  o t h e r  
measurements, such as wa te r  vapor and m e t e o r o l o g i c a l  
data,  w i l l  be recorded.  
Most o f  t h e  system c o n t r o l  t ime  cons tan ts  o r  
t r i g g e r  l e v e l s  can be a l t e r e d  by a s imp le  e n t r y  f rom 
a car ry -on  panel .  Th is  inc ludes  parameters such as 
record ing  t ime,  f i l t e r  exposure t ime,  p a r t i c l e  count  
t ime,  b o t t l e  sample purge t ime,  r e c o r d  i n t e r v a l ,  
sample, f i l t e r  o r  b o t t l e  sample a l t i t u d e ,  a c c e l e r a t i o n  
l i m i t s ,  e t c .  The car ry -on  panel w i l l  a l s o  a l l o w  
i n f l i g h t  m o n i t o r i n g  o f  t h e  system d u r i n g  wh ich  an 
observer  may comple te ly  take  over  system c o n t r o l  t o  
e v a l u a t e  a l t e r n a t e  c o n t r o l  sequences w i t h o u t  reprogram- 
ming t h e  processor .  The panel a l s o  d i s p l a y s  r e a l  t i m e  
da ta  readings i n  eng ineer ing  u n i t s .  
The program f o r  t h e  processor  i s  on paper tape,  
and i t  may be e l e c t r o n i c a l l y  loaded i n t o  t h e  processor  
memory on t h e  a i r c r a f t  u s i n g  a ca r ry -on  loader / reader .  
Data A c q u i s i t i o n  
The processor  a l s o  c o n t r o l s  da ta  a c q u i s i t i o n  and 
da ta  record ing .  Specia l  records a r e  taken a t  t a k e o f f  
and l a n d i n g  t o  a l l o w  a d e t e r m i n a t i o n  o f  f l i g h t  end 
p o i n t s  by l a t i t u d e / l o n g i t u d e .  
The da ta  a c q u i s i t i o n  subsystem reads da ta  f rom t h e  
measuring inst ruments,  p l u s  i t  ge ts  s u p p o r t i v e  da ta  
f rom t h e  f l o w  system, i n c l u d i n g  p ressures  and 
temperatures.  S ta tus  i n f o r m a t i o n  f rom t h e  GASP system, 
i n c l u d i n g  v a l v e  p o s i t i o n s ,  f a i l u r e  f l a g s ,  i ns t rument  
i d e n t i f i c a t i o n  s i g n a l s ,  e t c . ,  a r e  a l s o  recorded.  I n  
a d d i t i o n ,  a i r c r a f t  f l i g h t  d a t a  a r e  c o l l e c t e d  a t  t h e  
t ime da ta  a r e  read f rom t h e  measuring ins t ruments .  
P o s i t i o n ,  heading, and t h e  computed wind d i r e c t i o n  and 
v e l o c i t y  a r e  ob ta ined  f rom t h e  i n e r t i a l  n a v i g a t i o n  
system. A l t i t u d e ,  a i rspeed,  and s t a t i c  a i r  temperature 
a r e  c o l l e c t e d  from t h e  c e n t r a l  a i r  d a t a  system i n  t h e  
a i r c r a f t .  V e r t i c a l  a c c e l e r a t i o n  i n f o r m a t i o n  (an 
i n d i c a t i o n  o f  tu rbu lence)  i s  taken f rom t h e  a i r c r a f t  
f l i g h t  r e c o r d i n g  system. Date and t ime a r e  p r o v i d e d  
by a separa te  GASP c lock -ca lendar  u n i t .  
V e r t i c a l  a c c e l e r a t i o n  i s  a lways recorded as p a r t  
o f  t h e  normal data and i n  case o f  encoun te r ing  severe 
t u r b u l e n c e  (which i s  p r e s e n t l y  s e t  i n  t h e  p rocessor  a t  
l e s s  than  0.8 G o r  more than 1.2 G ) ,  a s p e c i a l  
r e c o r d i n g  i s  taken. The processor  w i l l  i n t e r r u p t  
normal sequences t o  take  these da ta  when these 
a c c e l e r a t i o n  l i m i t s  occur .  A l l  d a t a  which have been 
s t o r e d  i n  t h e  memory 8 seconds p r i o r  t o  t h e  t u r b u l e n c e  
encounter  w i l l  a l s o  be recorded.  Thus, i n f o r m a t i o n  
s h o r t l y  b e f o r e  the  a c c e l e r a t i o n  l i m i t s  a r e  encountered 
i s  ob ta ined .  The s p e c i a l  r e c o r d i n g  w i l l  c o n t i n u e  f o r  
60 seconds a f t e r  the  a c c e l e r a t i o n  l i m i t s  have ceased. 
The a c c e l e r a t i o n  i s  sampled 8 t imes per second. 
A l l  analog da ta  a r e  d i g i t i z e d ,  and d i g i t a l  da ta  
a r e  r e f o r m a t t e d  by the d a t a  a c q u i s i t i o n  system under 
c o n t r o l  o f  t h e  processor  and o u t p u t t e d  t o  a d i g i t a l  
c a s s e t t e  recorder .  Analog parameters a r e  t y p i c a l l y  
d i g i t i z e d  i n t o  a 1 2 - b i t  word w i t h  an accuracy o f  0.25 
percen t .  The c a s s e t t e  has a c a p a c i t y  f o r  more than 6 
weeks o f  da ta  a t  the  GASP r e c o r d i n g  r a t e .  The c a s s e t t e  
da ta  a r e  t r a n s c r i b e d  on t h e  ground o n t o  computer 
compat ib le tape, which p r o v i d e s  t h e  raw i n p u t  da ta  f o r  
p rocess ing  a t  NASA-Lewis Research Center .  
Data A c q u i s i t i o n  and System Cont ro l  Components 
A l l  major  components o f  the  da ta  a c q u i s i t i o n  and 
system c o n t r o l  a r e  a i r b o r n e  type  equipment. The 
p rocessor ,  system c o n t r o l  f u n c t i o n s ,  and c e r t a i n  da ta  
a c q u i s i t i o n  f u n c t i o n s  a r e  combined i n  a Data Management 
and C o n t r o l  U n i t  (DMCU). Th is  u n i t  was o b t a i n e d  by 
m o d i f y i n g  a Data Management U n i t  (DMU) as used by 
severa l  a i r l i n e s .  Most o f  t h e  a i r c r a f t  d a t a  a c q u i s i t i o n  
i s  handled by a standard F l i g h t  Data A c q u i s i t ' o n  U n i t  e (FDAU) as d e f i n e d  i n  ARINC C h a r a c t e r i s t i c  573 . The 
d i g i t a l  c a s s e t t e  recorder  i s  t h e  D i g i t a l  AIDS recorder  
(DAR) used by severa l  a i r 1  ines  f o r  onboard d a t a  
record ing .  
Measurements 
The ins t ruments  f o r  measuring carbon monoxide (CO) , 
ozone (O,), water  vapor, and p a r t i c l e s  were developed 
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by NASA-Lewis f rom commercia l ly  a v a i l a b l e  u n i t s .  The 
f l o w  c o n t r o l  system was a l s o  developed by Lewis t o  
p r o v i d e  the  1-atm. c o n t r o l l e d  p ressure  t o  t h e  i n s t r u -  
ments. U n i t e d  A i r l i n e s  i n t e g r a t e d  the  measuring equ ip -  
ment w i t h  the  DMCU, FDAU, and recorder  and s u p p l i e d  a l l  
the  s u p p o r t i n g  w i r i n g  and a i r c r a f t  i n t e r c o n n e c t s .  A l l  
o f  t h e  equipment i s  packaged t o  f i t  i n  s tandard  ARINC 
5 t y p e  ATR cases ; i t  has been FAA c e r t i f i e d  f o r  f l i g h t  
o p e r a t i o n s  i n  accordance w i  t h  env i  ronmental t e s t  
procedures e s t a b l i s h e d  by t h e  Radio Techn ica l  
Commission f o r  A i r c r a f t  ( R T C A ) ~  and by t h e  Boeing 
Company. 
Ozone M o n i t o r  
T h i s  ins t rument  uses the  u l t r a v i o l e t  a b s o r p t i o n  
p r i n c i p l e  t o  measure ozone. Sample gas and ozone-f ree 
zero  gas (ob ta ined  by pass ing  sample gas th rough  an 
ozone d e s t r u c t i o n  f i l t e r )  a r e  a l t e r n a t e l y  passed 
through a 70-cm-long tube.  The d i f f e r e n c e  i n  i n t e n s i t y  
o f  an u l t r a v i o l e t  beam t r a v e r s i n g  t h e  same p a t h  l e n g t h  
i s  a measure o f  ozone c o n c e n t r a t i o n .  The range i s  from 
0.003 t o  20 ppm. S e n s i t i v i t y  i s  3 ppb. An au tomat i c  
z e r o  c o r r e c t i o n  t o  w i t h i n  1 ppb i s  p rov ided .  
The ozone m o n i t o r  i s  c a l i b r a t e d  a g a i n s t  a labora -  
t o r y  t ype  ozone genera to r  over  t h e  range f rom 0 t o  1 ppm. 
The ozone c o n c e n t r a t i o n  o f  t h e  genera to r  i s  p e r i o d i c a l l y  
c a l i b r a t e d  by t h e  1 pe rcen t  n e u t r a l  b u f f e r e d  potassium 
i o d i d e  method. 
I n - f  l i g h t  "zero" and "ca l  i b r a t  ion"  read ings  made 
on t h e  ozone ins t rument  i n c l u d e  t h e  f o l l o w i n g :  
( 1 )  measurement of  i ns t rument  ze ro  by f l o w i n g  t h e  
sample th rough  a charcoa l  f i l t e r  e x t e r n a l  t o  t h e  
ins t rument ,  (2 )  measurement o f  "sample" and " reference" 
f requenc ies  a v a i l a b l e  f rom w i t h i n  t h e  ins t rument ,  and 
(3) measurement o f  t h e  span s e t t i n g  o f  t h e  ins t rument .  
The values o f  t h e  "sample" and " reference" f requenc ies  
must be w i t h i n  known l i m i t s  f o r  proper opera t ion .  
.Deviat ions from o r i g i n a l  values w i l l  i n d i c a t e  d i r t  on 
the o p t i c s ,  a s h i f t  i n  t h e  p o s i t i o n  o f  the  u l t r a v i o l e t  
source o r  the de tec to rs ,  and a change i n  the  i n t e n s i t y  
o f  t h e  u l t r a v i o l e t  source. 
I n - f l i g h t  c a l i b r a t i o n ,  us ing  an ozone ca1 i b r a t i o n  
gas, i s  no t  made because o f  t h e  d i f f i c u l t y  o f  generat-  
tng a p r e c i s e l y  known ozone concent ra t ion  i n  the  f l i g h t  
system. A po l  i c y  o f  p e r i o d i c  l a b o r a t o r y  reca l  i b r a t i o n  
o f  the  instruments i s  fo l lowed.  I f  sequent ia l  
c a l i b r a t i o n s  do not  agree w i t h i n  s p e c i f i e d  l i m i t s ,  the  
data preceeding the changed c a l i b r a t i o n  a r e  d iscarded.  
A f u r t h e r  concern i n  the  ozone measurement i s  the  
d e s t r u c t i o n  o f  ozone i n  the  l i n e s  from the i n l e t  probe 
t o  the  instrument and i n  the  sample pump t h a t  r a i s e s  
t h e  sample p ressure  t o  1 atm. The l i n e s  a r e  T e f l o n ,  
and the  pump i s  a Tef lon-coated diaphragm pump. Ozcne 
d e s t r u c t i o n  through t h e  system has been measured under 
c o n d i t i o n s  s i m u l a t i n g  o p e r a t i o n  i n  f l i g h t .  Ozone 
d e s t r u c t i o n  i s  approximately 40 percen t  a t  20 ppb, bu t  
reduces t o  9 percen t  a t  500 ppb. The ozone d e s t r u c t i o n  
data a re  used as a c o r r e c t i o n  i n  the  data reduc t ion .  
Water Vapor Mon i to r  
Th is  instrument i s  an aluminum ox ide  hygrometer 
and c o n s i s t s  o f  two u n i t s ;  a sensing element and an 
e l e c t r o n i c s  u n i t .  The sensing element uses a separate 
e x t e r n a l  l y  mounted probe. Th is  probe i s  the  standard 
type a i rscoop used on the  747 a i r c r a f t  t o  measure 
o u t s i d e  a i r  temperature bu t  w i t h  the  temperature sensor 
removed. Th is  type o f  housing was chosen f o r  t h e  
sensor because o f  easy a d a p t a b i l i t y  and the convenience 
o f  us ing  standard a i r c r a f t  p a r t s  i n c l u d i n g  a requ i red  
a n t i - i c i n g  hea te r .  The scoop i s  mounted on the e x t e r i o r  
o f  t h e  a i r c r a f t  near the a i  r sample i n l e t  probe (see 
f i g .  3) and i s  not  capped a t  any t ime. 
The e l e c t r o n i c s  u n i t  i s  mounted i n  the GASP equip-  
ment rack. The e l e c t r o n i c  c i r c u i t  o f  t h e  hygrometer i c  
standardized by the manufacturer  t o  work w i t h  any 
sensor. The e l e c t r o n i c  c i r c u i t  i nc ludes  a r e l a y  
operated c a l i b r a t i o n  f u n c t i o n ,  which s u b s t i t u t e s  a d u m y  
impedance f o r  the  water  vapor sensor t o  p r o v i d e  a 90 
percent  o f  f u l l  sca le  ou tpu t  s i g n a l .  The e l e c t r o n i c s  
c i r c u i t  a l s o  has a temperature measurement channel f o r  
measuring the  temperature o f  the  a i r  passing over  the  
water  vapor sensor. 
I n - f l i g h t  c a l i b r a t i o n  checks f o r  t h i s  inst rumenta-  
t i o n  c o n s i s t  o f  p e r i o d i c  record ing  o f  the o u t p u t  o f  the  
system w i t h  t h e  dummy impedance s u b s t i t u t e d  f o r  the  
sensor. 
The water  vapor ins t rumenta t ion  p rov ides  dew-frost  
p o i n t  temperatures (DFPT) over  two ranges ( - l l o O  t o  
-20' and -20° t o  +40° C) and a l s o  provides f o r  an a i  r 
temperature measurement a t  the sensor from -65' t o  
+40° C .  The temperature i s  measured w i t h  a t h e r m i s t o r  
mounted i n  t h e  sensor probe. Both the  DFPT and 
temperature o u t p u t  s i g n a l s  a r e  0 t o  5 VDC.  
The sensors a r e  c a l i b r a t e d  bo th  by t h e  manufac- 
t u r e r  and NASA. The manufacturer 's  c a l i b r a t i o n  on 
DFPT i s  s p e c i f i e d  t o  be w i t h i n  +2O C over  the  range 
+40° t o  -65' and $3' C over  the  range -65O t o  - 1 1 0 ~  C .  
The c a l i b r a t i o n  system used a t  NASA uses d r y  n i t r o g e n  
gas (DFPT o f  -70° C ) ,  s e r v i c e  a i r  (DFPT o f  approximately 
-40° c ) ,  and room a i r .  Appropr ia te  mix tu res  o f  n i t rogen 
gas and a i r  a r e  used f a r  c a l i b r a t i n g  over t h e  range o f  
DFPT from O0 t o  -70' C .  The DFPT o f  t h e  r e s u l t a n t  gas 
i s  measured w i t h  a cooled m i r r o r  t ype  hygrometer t o  
w i t h i n  2 0.5' C .  The u n c e r t a i n t y  o f  t h e  DFPT c a l  i b r a -  
t i o n  procedure i s  less  than +2O C over  the  range from 
The s t a b i l i t y  of the  c a l i b r a t i o n  o f  t h i s  i n s t r u -  
mentat ion i s  p r i m a r i l y  dependent on the s t a b i l i t y  o f  
the  c a l  i b r a t i o n  curve o f  each sensor. Sensors a r e  
p e r i o d i c a l  l y  removed f rom the  a i  r c r a f t  f o r  NASA labora-  
t o r y  r e c a l i b r a t i o n ,  and the da ta  a r e  d iscarded i f  they 
do no t  agree w i t h i n  the  u n c e r t a i n t y  o f  the c a l i b r a t i o n  
system. Data reduc t ion  r e q u i r e s  the s p e c i f i c  c a l  i b r a -  
t i o n  da ta  f o r  each sensor; a sensor i d e n t i f i c a t i o n  
system i s  necessary t o  accomplish t h i s .  
Temperature e f f e c t s  on the c a l  i b r a t i o n  o f  the  
sensors a r e  s i g n i f i c a n t .  Correct  i o n  terms a r e  p rov ided  
i n  t h e  da ta  reduc t ion  process us ing  data f rom t h e  a i r  
sample temperature thermi s t o r  mounted wi t h  t h e  sensor. 
A contaminat ion o f  the  sensors a l s o  changes t h e i r  
c a l i b r a t i o n .  S a l t  c o r r o s i o n  has been found t o  be an 
occasional  contaminat ion problem w i t h  t h i s  sensor i n  
t h e  747 i n s t a l l a t i o n .  
P a r t i c l e  Counter 
Th is  instrument u t i l i z e s  the l i g h t - s c a t t e r i n g  
p r i n c i p l e  t o  measure the  number dens i ty  and s i z e  d i s t r i -  
b u t i o n  o f  a i r b o r n e  p a r t i c l e s  above a 0.3-micron 
d iameter .  I t  c o n s i s t s  o f  two u n i t s :  (1) a sensing 
u n i t  mounted near the i n l e t  probe,  which con ta ins  the 
l i g h t  source and o p t i c s ;  and (2)  an e l e c t r o n i c s  
package mounted i n  the  equipment rack, which con ta ins  
t h e  count ing  c i r c u i t s  and pu lse  h e i g h t  d i s c r i m i n a t o r s  
t c  measure the  p d r t i c l e  s i z e  d i s t r i b u t i o n .  
The instrument accumulates a count o f  the  number 
o f  p a r t i c l e s  i n  the a i r  sample f l o w  f o r  a f i x e d  p e r i o d  
o f  t ime,  norma l l y  1 minute.  The accumulated count  i s  
separated i n t o  f i v e  d i f f e r e n t  s i z e s  ranges: 0.3 t o  
0.45, 0.45 t o  0.65, 0.65 t o  1 . 4 ,  1.4 t o  3.0, and above 
3.0 microns i n  d iameter .  One o f  t h e  m o d i f i c a t i o n s  t o  
t h i s  instrument i s  the  a d d i t i o n  o f  an e l e c t r o n i c  servo 
t o  a u t o m a t i c a l l y  a d j u s t  the  g a i n  o f  the  sensing u n i t  
( o p t i c s ,  p h o t o m u l t i p l i e r  tube, and p r e a m p l i f i e r )  t o  the 
c o r r e c t  va lue  f o r  the  s i z e  d i s c r i m i n a t o r  c i  r c u i t s .  Th is  
servo  replaces t h e  convent iona l  manual ga in  adjustment .  
The g a i n  c i  r c u i  t i s  energized t o  r e a d j u s t  the  g a i n  p r i o r  
t o  each count ing  c y c l e .  The sample f l o w  r a t e  through 
the  sensing u n i t  (30 1 i te rs /min . )  i s  measured u s i n g  a 
choked v e n t u r i  f lowmeter .  
Each instrument i s  c a l  i b r a t e d  by the manufacturer  
f o r  p a r t i c l e  s i z e  d e t e c t i o n .  T h i s  c a l  i b r a t i o n  i s  
checked a t  NASA-Lewis us ing  an aerosol  genera to r  and 
l a t e x  aerosol  p a r t i c l e s .  
Th is  instrument has two d i s c r e t e  ou tpu t  s i g n a l s  t o  
i n d i c a t e  proper o p e r a t i o n .  One o f  these i n d i c z t e s  t h a t  
t h e  l i g h t  source has remained on dur ing  a f u l l  coun t ing  
c y c l e .  The o t h e r  i n d i c a t e s  t h a t  the  automat ic  g a i n  
adjustment  was completed p r i o r  t o  a coun t ing  c y c l e .  
F l i g h t  t e s t  exper ience w i t h  a comnercial v e r s i o n  o f  
t h i s  inst rument i n d i c a t e d  t h a t  f l i g h t  through a c loud  
r e s u l t e d  i n  a p a r t i c l e  s i z e  d i s t r i b u t i o n  t h a t  i s  
s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  a c l e a r  a i r  sample, 
ma in ly  i n  the t o t a l  count o f  t h e  l a r g e s t  s i z e  p a r t i c l e s .  
A s imp le  c l o u d  d e t e c t o r  i s ,  t h e r e f o r e ,  ob ta ined  by 
observ ing  t h e  count ing  r a t e  o f  the  l a r g e s t  s i z e  
p a r t i c l e s .  A m o d i f i c a t i o n  o f  the  p a r t i c l e  coun te r  
inst rument t o  p r o v i d e  a count r a t e  t h a t  i s  r e l a t e d  t o  
c l o u d  d e n s i t y  s u p p l i e s  c loud  d e t e c t o r  c a p a b i l i t y  f o r  t h e  
GASP systems. 
Carbon Monoxide Mon i to r  
A nond ispers ive  i n f r a r e d  ana lyzer ,  us ing  a dua l -  
i so tope  f luorescence  p r i n c i p l e  i s  used t o  measure carbon 
monoxide. Mod i f i ca t i ons  o f  a  commercial 0  t o  20 ppm 
f u l l - s c a l e  analyzer t o  0  t o  1 ppm are necessary t o  
achieve the  requ i red  s e n s i t i v i t y  o f  20 ppb f o r  h i g h  
a1 t i  tude measurements. A  p ro to type  instrument having 
t h i s  low range s e n s i t i v i t y  has been success fu l l y  f l i g h t  
t es ted  and i s  being acquired f o r  i n s t a l l a t i o n  on the  
GASP system i n  the  near fu tu re .  At the present  t ime, 
the  less sensi t i ve  instrument (0 t o  20 ppm) i s  be ing  
f lown t o  ga in  opera t iona l  experience w i t h  t h i s  type  o f  
instrument i n  the GASP system. 
The CO instrument i s  c a l i b r a t e d  a t  Lewis us ing  a  
commerci a l  1  y  prepared gas mix tu re  o f  approximate1 y  18 
pprn CO i n  N2 combined w i t h  a  d i l u t i o n  process. 
I n - f l i g h t  t e s t s  on t h i s  instrument inc lude a  zero 
t e s t  and a  t e s t  t o  measure the ga in  o f  t he  e l e c t r o n i c  
c i r c u i t .  Zero gas i s  obtained by f l ow ing  the  sample 
through a  tes ted  CO des t r uc t  f i l t e r .  I n  a d d i t i o n ,  two 
d i s c r e t e  s i gna l s  are recorded, which i n d i c a t e  t h a t  the 
de tec to r  temperature i s  w i t h i n  acceptable l i m i t s  and 
t h a t  the preamp1 i f i e r  i s  opera t ing  w i t h i n  p rescr ibed  
1  i m i t s .  I n - f l i g h t  c a l i b r a t i o n  o f  t h i s  instrument,  
through the  use o f  b o t t l e d  c a l i b r a t i o n  gas on the  a i r -  
p lane,  i s  not  made. Instead,  the  CO instrument i s  
p e r i o d i c a l l y  removed and reca l i b ra ted  i n  the l abo ra to r y  
f o l l ow ing  the same p o l i c y  o f  d i s ca rd i ng  data when 
ca l  i b r a t  ions change. 
Data are sampled f rom the CO instrument a t  a  r a t e  
o f  once per second dur ing  the 16-second data record ing  
per iods.  I n  a d d i t i o n  t o  t h i s ,  the  computer c a p a b i l i t y  
i n  the  DMCU i s  used t o  accumulate 3-minute averages o f  
the  ou tpu t  o f  the  CO instrument du r i ng  both normal 
sampl ing  and zero gas p o r t  ions o f  the  cyc le .  The 
values o f  the  3-minute average and the  var iance o f  the  
average are recorded as add i t i ona l  data du r i ng  the  16- 
second data record ing  per iods.  This averaging 
technique i s  being used t o  reduce the  e f f e c t s  o f  a  low 
frequency random d r i f t ,  which i s  a  c h a r a c t e r i s t i c  o f  
t h i s  instrument.  
Chlorofluoromethane Sample 
This u n i t ,  mounted i n  the  GASP equipment rack,  
cons i s t s  o f  f ou r  I - l i t e r  s t a i n l e s s  s t e e l  b o t t l e s  i n  
which whole a i  r "grab" samples a re  c o l  lec ted .  The 
b o t t l e s  and associated sea l -o f f  valves and plumbing are  
contained i n  a  standard a i r c r a f t  case. The e n t i r e  case 
and ( 3 )  an electrochemical  technique o f  deterrni n i  ng 
n i t r a t e  concentrat ions.  
Future Measurements 
Oxides o f  n i t r ogen ,  carbon d iox ide ,  and condensa- 
t i o n  nuc le i  are no t  being measured by the  GASP system's 
c u r r e n t l y  i n  opera t ion .  Work i s  i n  progress,  however, 
t o  add instruments f o r  these da ta  i n  the  near f u t u re .  
The four  instruments and the  p a r t i c l e  f i j t e r  now con- 
ta ined i n  the system were se lec ted  and mod i f i ed  i n  t ime 
t o  meet the i n i t i a l  GASP i n s t a l l a t i o n  schedule. NO, 
C02, and nuc le i  are more d i f f i c u l t  t o  measure i n  f l i g h t ,  
and, there fo re ,  acceptable instruments have taken more 
t ime t o  develop. F l e x i b i l i t y  has been b u i l t  i n t o  the 
o v e r a l l  GASP system t o  accept these o r  o the r  cons t i t uen t  
measuring devices t h a t  may be p e r t i n e n t  t o  the  study o f  
upper atmosphere ai  r qua1 i t y .  
Data and Data Processing 
Data from A i r 1  ines 
Each 747 a i  r c r a f  t operates approximately 10 hours 
per day. The GASP system takes a  da ta  p o i n t  every 5 
minutes above a  6-km a l t i t u d e .  I n  some instances the  
t ime between measurements may be extended t o  10 minutes, 
depending on whether c a l i b r a t i o n  o r  s t a tus  in fo rmat ion  
was obtained a t  the  5-minute po in t .  Th is  means data 
a re  taken approximately every 75 km (47 mi l e s ) ,  r e s u l t -  
ing i n  about 120 data p o i n t s  per  day received from each 
a i r c r a f t .  
Data from NASA A i r c r a f t  
I n  a d d i t i o n  t o  the GASP data from the a i r l i n e  
routes t ha t  a re  ob ta ined from the commercial 747's,  two 
NASA a i r c r a f t  a re  being used t o  he lp  develop measurement 
and ana lys is  techniques and t o  o b t a i n  o f f - r o u t e  and 
supplemental data.  The Ames Research Center CV-990 i s  
being used ex tens i ve l y  t o  f l i g h t  t e s t  a l l  o f  the  
instruments c u r r e n t l y  used on the  747's and, a t  the  
same time, t o  acqu i re  supplemental atmospheric da ta .  
An automated GASP s y s t e m ' k i l l  be b u i l t  and i n s t a l l e d  on 
t h i s  a i r c r a f t  on a  semi-permanent bas is .  Th is  w i l l  
a l l o w  o f f - r o u t e  data t o  be ob ta ined du r i ng  normal a i r -  
c r a f t  f l i g h t  experiments and a l so  dur ing  dedicated 
f l i g h t s  t o  s p e c i f i c  l o c a l i t i e s .  
i s  replaced a f t e r  a l l  f ou r  b o t t l e s  a re  f i l l e d  w i t h  the  One o f  the Lewis Research Center ' s  F-106's i s  a1 so des i red  whole a i r  samples. being used t o  support the  development o f  GASP i n s t r u -  
ments and prov ide  atmospheric da ta .  The a i  r c r a f t  i s  P a r t i c u l a t e  F i  1  t e r  C o l l e c t i o n  U n i t  equipped w i t h  two p a r t i c l e  sampling f i l t e r  systems 
Th is  u n i t  i s  mounted separate f rom the o the r  GASP 
equipment because o f  i t s  s ize ,  weight ,  and need f o r  a  
h i gh  vo lumet r i c  f l ow  ra te .  The assembly uses one 
f i l t e r  ho lder  p rov i d i ng  on l y  one exposure between 
s e r v i c i n g  per iods.  A  u n i t  o f  several  i n d i v i d u a l  f i l t e r  
ho lders  which can be sequen t i a l l y  exposed w i l l  rep lace  
the  s i n g l e  f i l t e r  assembly i n  t he  near f u t u r e .  Each 
f i l t e r  (paper o r  g lass  f i b e r )  i s  enclosed w i t h i n  a  
c lean room assembled c a r t r i d g e  t o  prevent  contaminat ion.  
loca ted  i n  removable pods a t t ached - t o  the lower sur face  
o f  the  wings. With these pods i n s t a l  l ed  p a r t i c l e  
samples a re  being ob ta ined up t o  a l t i t u d e s  o f  13.7 km. 
(These samples a re  analyzed a t  Lewis). Th is  F-106 a i r -  
c r a f t  i s  a l so  being equipped t o  c a r r y  t he  system f o r  
ob ta i n i ng  h i gh  a l t i t u d e  "grab" samples, which wi 11 be 
analyzed f o r  chlorof luoromethanes.  
Data Reduct ion  and Ana lys is  
A  f i l t e r  element i s  inser ted  i n t o  the 76-mm-diameter When a1 1 f ou r  planned 747 a i  r c r a f t  become opera- duc t  f o r  2  hours and re t r ac ted  i n t o  the  c a r t r i d g e  by an tional and t he  NASA da ta  are inc luded,  large 
ac tua to r  assembly developed a t  Lewis. Dur ing i n s e r t i o n  qua,tities of. data wil 1 become available. Thus, several 
and r e t r a c t i o n  the  airflow in the duct i s  stopped by a computer processing procedures become necessary. 
va lve  downstream o f  the  f i l t e r  u n i t .  A i r f l o w  throush 
the  f i l t e r  i s  measured by a ven tu r i  downstream o f  t h e  The 747 da ta  a long w i t h  the o f f - r o u t e  and supple- f i l t e r  u n i t .  mental da ta  obtained by the NASA a i r c r a f t  wi 11 be 
processed as i l l u s t r a t e d  on f i g u r e  9. The i n i t i a l  data 
~ n a l ~ s i s o f t h e f i l t e r e l e m e n t s a t N A S A c o n s i s t ~  p r o c e , , i ~ g ~ t ~ p i ~ t o c o m p a c t t h e d a t a t o r e d u ~ e b u l k  
of ( I )  combust i on  gas chromatography f o r  de termin ing  
and to put i t  in format  f o r  subsequent ana l ys i s .  The 
carbon concent ra t ions ,  (2) a  flame emission spectra- da ta  tape contains four types o f  data: (1) f l i g h t  
photometer fo r  determining concent ra t ions  of sulphates,  data, i n c l ud i ng  da te ,  time, aircraft position, a l t i t u d e ,  
heading, winds, and a c c e l e r a t i o n ;  (2)  s t a t u s  data, 
i d e n t i f y i n g  ins t rumenta t ion  on board and i n d i c a t i n g  the  
o p e r a t i o n a l  c o n d i t i o n  o f  the  i n l e t  probe, pumps, f i l t e r ,  
sample b o t t l e ,  and the  severa l  measuring instruments;  
(3 )  system data, i n c l u d i n g  temperatures and pressures 
needed f o r  c a l c u l a t i n g  p a r t i c l e  counter  and f i l t e r  f l o w  
r a t e s  as we1 1  as temperatures and pressures r e q u i r e d  t o  
v e r i f y  proper system opera t ion ;  and (4)  raw c o n s t i  t -  
uent data.  The system data,  the c a l i b r a t i o n  da ta  from 
l a b o r a t o r y  instrument c a l i b r a t i o n s ,  and the c a l i b r a t i o n  
data f rom i n - f l  i g h t  c a l i b r a t i o n s  a re  used i n  cons t ruc -  
t i n g  the f i n a l  c o n s t i t u e n t  data.  
Data processing a t  Lewis a l s o  inc ludes  d i v i d i n g  
the  cont inuous data record  i n t o  f l i g h t s ,  based on 
f l i g h t  o r i g i n  and d e s t i n a t i o n ,  us ing  the  t h r e e - l e t t e r  
a i r p o r t  i d e n t i f i c a t i o n  codes. For each f l i g h t ,  header 
i n f o r m a t i o n  w i l l  be a t tached i n d i c a t i n g  t ime o f  
a r r i v a l  and depar tu re ,  da te ,  inst ruments on board, and 
f i l t e r  and/or b o t t l e  da ta  i f  obta ined.  With t h e  header 
in fo rmat ion ,  data f o r  each f l i g h t  w i l l  be independent 
t o  f a c i l i t a t e  f u r t h e r  a n a l y s i s  which may i n v o l v e  case 
s t u d i e s  o f  s i n g l e  f l i g h t s ,  groups of f l i g h t s  between 
t h e  same a i r p o r t s ,  o r  examinat i o n  o f  seasonal o r  
geographical  v a r i a t i o n  o f  c o n s t i t u e n t s .  
NASA-Lewis w i l l  a l s o  ma in ta in  complete documenta- 
t i o n  o f  a l l  da ta  ob ta ined  as a  f u n c t i o n  o f  t ime, 
a l t i t u d e ,  and l o c a t i o n .  Spec ia l i zed  a n a l y s i s  w i l l  be 
performed on p a r t i c l e  mass concent ra t ion  and compos i- 
t i o n ,  and on se lec ted  gaseous c o n s t i t u e n t  v a r i a t i o n s .  
As shown i n  f i g u r e  9, a  combi ned NOAA/NASA 
a n a l y s i s  w i l l  be undertaken t o  assess p o t e n t i a l  
p o l l u t a n t  emissions e f f e c t s .  NOAA w i l l  a l s o  perform 
s t u d i e s  r e l a t e d  t o  meteorology, c l i m a t o l o g y ,  and 
atmospheric chemi s t r y .  
A  t h i r d  f l o w  pa th  f o r  the  data w i l l  be t o  a  NOAA 
data storage cen te r  a t  Ashev i l  l e ,  North Caro l ina  
( ~ a t i o n a l  C l i m a t i c  cen te r )  where i t  w i l l  be a v a i l a b l e  
t o  o t h e r  atmospher ic  research programs, and t o  inde- 
pendent researchers on request .  NASA-Lewis wi 1 1  
p e r i o d i c a l  l y  pub1 i s h  r e p o r t s  d e s c r i b i n g  t h e  type o f  
data a v a i l a b l e ,  and da ta  summaries as appropr ia te .  
Maintenance and S e r v i c i n g  
Much e f f o r t  has been spent on designing a  system 
t h a t  can be mainta ined and serv iced  i n  t h e  a i r l i n e  
o p e r a t i o n a l  environment and a t  t h e  same t ime,  can 
assure a  h i g h  l e v e l  o f  conf idence i n  the  c o l l e c t e d  
data. The optimum des ign  s e r v i c i n g  i n t e r v a l  was s e t  a t  
14 days, whi \ e  i n  r e a l i t y ,  due t o  v a r i a t i o n s  i n  a i r -  
c r a f t  schedul ing,  t h e  i n t e r v a l  i s  f rom 10 t o  21 days. 
T h i s  means t h a t  dep le tab le  components such as tape 
casse t tes  and any c a l i b r a t i o n  gas must l a s t  a t  l e a s t  
21 days. 
Normal s e r v i c i n g  a t  the  2-week i n t e r v a l  c o n s i s t s  
o f  r e p l a c i n g  t h e  tape casse t te ,  f i l t e r  h o l d e r  o r  
magazine, and a i r  sample b o t t l e  u n i t .  I t  a l s o  inc ludes  
checking the  h e a l t h  o f  t h e  system and the  processor 
and, i f  necessary, a d j u s t i n g  t h e  t ime and day number 
readings.  I f  any problem i s  found, t r o u b l e s h o o t i n g  i s  
done down t o  t h e  l e v e l  o f  t h e  d e f e c t i v e  ATR case, and 
i f  a  spare i s  a v a i l a b l e ,  t h e  f a u l t y  case i s  replaced.  
To a l l o w  h e a l t h  check and t r o u b l e s h o o t i n g  o f  t h e  
GASP system, a spec ia l  carry-on t e s t e r  has been 
developed and the  processor has been programmed t o  
a s s i s t  i n  t h e  checkout. Data a re  checked by t a k i n g  
o c t a l  readings o f  c e r t a i n  parameters, and the  processor 
c o n t r o l  program i s  t e s t e d  through an au tomat ic  t e s t  
sequence. Flow system check and a  general  o p e r a t i o n a l  
check of  the system a r e  accomplished by the  a n a l y s i s  o f  
a  so-ca l led  sample frame. 
The sample frame, which c o n s i s t s  o f  the l a s t  
complete s e t  o f  data and s t a t u s  i n f o r m a t i o n  a t  c r u i s e  
a l t i t u d e  taken d u r i n g  the preceeding f l i g h t ,  i s  d i s -  
p layed on command on t h e  t e s t e r .  Th is  d i s p l a y  t e l l s  i f  
t h e  system was p r o p e r l y  s e t  up, and i f  i t  had any known 
f a i l u r e s .  And, i n  a d d i t i o n ,  the d i s p l a y  shows system 
s t a t u s  a t  c r u i s e  l e v e l  t o  complement the  readings 
ob ta ined  a t  ground l e v e l .  The t e s t e r  d i s p l a y  o f  t h e  
sample frame da ta  a l l o w s  a  checkout o f  the  f low system 
by showing pressures,  temperatures, and o t h e r  p e r t i n e n t  
data a t  c r u i s e  c o n d i t i o n s .  Instrument da ta  readings 
may be checked t o  d e t e c t  gross ma1 f u n c t i o n s .  
To complete ly  t roub leshoot  t h e  f l o w  system on the 
ground ( i f  the t e s t e r  has i n d i c a t e d  a  problem) a  vacuum 
pump i s  requ i red .  Th is  sma l l ,  ca r ry -on  u n i t  w i l l  
s i m u l a t e  pressures corresponding t o  about a  10.7-km 
a1 t i tude by drawing cab in  a i  r through the  p ressur ized  
system. Three spec ia l  t e s t  va lves  i n  the  f l o w  c o n t r o l  
u n i t ,  c o n t r o l l e d  by the t e s t e r ,  d i r e c t  t h e  t e s t  a i r f l o w .  
A  r e p o r t  o f  t h e  f i n d i n g s  a t  every s e r v i c e  w i l l  be 
sen t  a long w i t h  t h e  da ta  casse t te ,  and i f  necessary, a 
f u r t h e r  a n a l y s i s  o f  a  p a r t i c u l a r  problem may be made 
based on t h i s  r e p o r t  and the  recorded da ta .  
Concluding Remarks 
Using commercial a i r l i n e r s  as instrument p l a t f o r m s  
f o r  sampling t h e  atmosphere between 6  and 12 k m  p rov ides  
an ex tens ive ,  cont inuous,  and economical method o f  
g l o b a l  data a c q u i s i t i o n .  A cons iderab le  des ign  e f f o r t  
backed by f e a s i b i l i t y  s t u d i e s  has made such an approach 
a r e a l i t y  us ing  747 a i r l i n e r s .  I n s t a l l a t i o n  and 
o p e r a t i  on c o n s t r a i n t s  imposed by t h e  a i r l  ines have been 
s u c c e s s f u l l y  met by adher ing t o  a i r l i n e  eng ineer ing  
p r a c t i c e s  and by developing an automated, unat tended 
system. 
S i g n i f i c a n t  m o d i f i c a t i o n s  t o  t h e  a i r c r a f t  requ i red  
o b t a i n i n q  a  FAA Supplemental Type C e r t i f i c a t e  (STC) o f  
a i r ~ o r t h i n e s s . ~  I n c l u s i o n  o f  e l e c t r o n i c  i n s t r u m e n t a t i o n  
and o t h e r  equipment o p e r a t i n g  w i t h i n  t h e  a i r c r a f t  and a  
t i e - i n  t o  e x i s t i n g  a i r c r a f t  sys,tems a l s o  necess i ta ted  
meet ing c e r t i f i c a t i o n  requirements.  
Techniques f o r  i n s u r i n g  the  q u a l i t y  o f  the  
atmospher ic  data have been e s t a b l i s h e d  by u s i n g  i n -  
f 1  i g h t  checks and f requent  c a l  i b r a t i o n s .  Maintenance 
and s e r v i c i n g  procedures have a l s o  been s e t  up t o  main- 
t a i n  t h e  system and assure conf idence i n  t h e  c o l l e c t e d  
data. 
Two 747 a i r l i n e r s  equipped w i t h  the  GASP instrumen- 
t a t i o n  a re  p r e s e n t l y  o p e r a t i o n a l .  A  t h i r d  a i r l i n e r  w i l l  
be equipped i n  l a t e  1975, and a f o u r t h  w i l l  f o l l o w  i n  
e a r l y  1976. 
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TABLE I. - GASP MEASUREMEWS 
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Figure 1. - Airlines presently participating in N A S A  Global Air Sampling Program (GASP). 
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Figure 2 - G A S P  route structure. 
Figure 3. - Air sample inlet probes rnwntd on 747 airliner equipped for 
GASP. 
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Figure 4. - GASP system instal lat ion on 747. 
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Figure 5. - Dual GASP a i r  sampling probe on 747 installations. 
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